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@ Tumor necrosis factor (TNF)inhibltory protein and its purification. 

@ Tumor Necrosis Factor (TNF) Inhibitory Protein is isolated 
and substantially purified. It has the ability to inhibit: (a) the 
binding of TNF to its receptors, and (b) the cytotoxic effect of 
TNF. 

TNF Inhibitory Protein, salts, functional derivatives and active 
fractions thereof and mixtures of any of the foregoing can be 
used to antagonize the deleterious effects of TNF, 
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Description 

FIELD OF THE INVENTION 

This invention relates to Tumor Necrosis Factor (TNF) Inhibitory Protein, salts, functional derivatives and 
active fractions thereof and mixtures of any of the foregoing, having the ability to inhibit the binding of TNF to 
5 its receptors and the cytotoxic effect of TNF and which can be used against the deleterious effects of TNF. The 
invention also relates to a process for the purification of said TNF Inhibitory Protein and to the substantially 
purified protein, to its cloning and its production by recombinant DNA techniques. It further relates to 
pharmaceutical compositions comprising such a protein, or salts, functional derivatives and active fractions 
thereof, for protecting against the deleterious effects of TNF. 

10 

BACKGROUND OF THE INVENTION 

Tumor Necrosis Factor-alpha (TNF-alpha) and Lymphotoxin or TNF-beta (hereinafter, TNF refers to both 
TNF-alpha and TNF-beta ) are cytokines which have many effects on cells (Wallach. D. (1986), in: Interferon 7 

15 (Ion Gresser, Ed), pp. 83-122, Academic Press, London, and Beutler B. and Cerami A. (1987), New England J. 
Med. 316: 379-385). Both TNF-alpha and TNF-beta Initiate their effects by binding to specific cell surface 
receptors. Some of the effects are likely to be beneficial to the organism : they may destroy, for example, tumor 
cells or virus infected cells and augment antibacterial activities of granulocytes. But, quite clearly, both 
TNF-alpha and TNF-beta have also effects which can be extensively deleterious. There is evidence that over 

20 production of TNF-alpha can play a major pathogenic role in several diseases. Thus effects of TNF-alpha, 
primarily on the vasculature, are now known to be a major cause for symptoms of septic shock (Tracey K.J. et 
al. (1986) Science 234: 470-474). In some diseases, TNF may cause excessive loss of weight (cachexia) by 
suppressing activities of adipocytes and by causing anorexia and TNF-alpha was thus called cachectin. It was 
also described as a mediator of the damage to tissues in rheumatic diseases (Beutler, op. cit.) and as a major 

25 mediator of the damage observed in graft-versus-host reactions. 

There is therefore a necessity in finding out ways to eliminate or antagonize endogenously formed or 
exogenously administered TNF. Our first attempt in this direction was the development of monoclonal 
antibodies which neutralize the TNF-alpha cytotoxic activity and were shown to protect mice against the lethal 
effect of TNF-alpha under conditions mimicking elicitation of septic shock (as described in our European 

30 Patent Application EP 186 833 published on July 9, 1986). However, therapy with murine monoclonal 
antibodies, especially if administered repetitively, may not always be advisable in humans. Therefore the need 
was felt for development of biological agents which could similarly antagonize the deleterious effects of TNF. 

Prior to the filing date of the priority application of the present application, there was no information as to the 
existence of biological agents which could antagonize the cytotoxic activity of TNF. There were publications 

35 describing uromodulin, a 85-kDa immunosuppressive glycoprotein isolated from the urine of pregnant women 
(Muchmore, Andrew V. and Decker, Jean M. (1985) Science 229; 479-481 ), that was shown to be a high affinity 
ligand for and a potent inhibitor of interleukin 1 (IL-1) (Muchmore, Andrew V. and Decker, Jean M. (1986) J. 
Biol. Chem. 261: 13404-13407; Brown, K.M. et al. (1986) Proc. Natl. Acad. Sci. USA 83: 9119-9123). Uromodulin 
was later shown to be identical to the Tamm-Horsfall glycoprotein, the most abundant protein of renal origin in 

40 normal urine (Pennica, Diane et al. (1987) Science 236: 83-88). Another inhibitor of IL-1 found in the urine of 
febrile patients was disclosed in some publications (Liao, Zenghua et al. (1984) J. Exp. Med. 159: 126-136; 
Seckinger, Philllppe et al. (1987) J. Immunol. 139: 1546-1549). It was shown that this urine inhibitor of IL-1 
affects numerous biological activities of both forms of recombinant IL-1, IL-1 alpha and IL-1 beta to the same 
extent. Although human TNF-alpha shares some of the biological activities of IL-1, this IL-1 inhibitor did not 

45 inhibit the biological activities of TNF-alpha (Seckinger, Phillippe et al. (1987) J. Immunol. 139: 1541-1545). 
Subsequent to the filing date of the priority application of the present application, it was disclosed that 
uromodulin and the Tamm-Horsfall glycoprotein bind recombinant IL-1 alpha , IL-1 beta and TNF-alpha in a 
lectin-like interaction and it was suggested that it may play an important role in the regulation of circulating 
levels of these lymphokines (Hession, Catherine et al. (1987) Science 237: 1479-1484). Although uromodulin 

so does not inhibit the cytotoxic activity of TNF-alpha as monitored by lysis of tumor cell targets, it interacts with 
recombinant TNF-alpha via carbohydrate chains and this interaction may be critical in promoting clearance 
and/or reducing in vivo toxicity of TNF and other lymphokines (Sherblom, Anne P. (1988) J. Biol. Chem. 263 : 
5418-5424). In a recent publication by Seckinger et al. (J. Exp. Med. (1988) 167: 151 1-1516) a human inhibtor of 
TNF-alpha obtained from the urine of febrile patients was described as a 40-60 Kda protein inhibiting the 

55 cytotoxic activity of TNF-alpha. It was shown to differ from uromodulin and from the above-mentioned IL-1 
inhibitor. 

SUMMARY OF THE INVENTION 

60 The present invention provides TNF Inhibitory Protein, salts, functional derivatives and active fractions 
thereof, and mixtures of any of the foregoing which can antagonize the effects of TNF. This antagonism can be 
determined both by measuring reduction of the cytotoxic activity of TNF as well as by measuring Interference 
with TNF binding to its receptors. 
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assayed as above. There is no significant change in the fractionation pattern of the protective activity (Fig. 1B). 
When compared with the retention time of moiecufar weight markers (bovine serum albumin 67 kDa, ovalbumin 
43 kDa, soybean trypsin inhibitor 20.1 kDa and cytochrome C 12.3 kDa), the activity was found to elute 
somewhat prior to the major protein peak with maxima! activity at an apparent molecular weight of about 50 to 
70 kDa. 



TABLE I: 



EXAMINATION OF THE EFFECT OF THE TNF INHIBITORY 
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Decrease of 126 l-TNF-aIpha binding to the cells by the TNF Inhibitory Protein present in the urine 
concentrate Is observed only when 12S l-TNF-alpha and the protein are applied together on cells and not when 
the protein is first applied on cells and then removed prior to the application of TNF-alpha. This indicates that 50 
the interference with TNF-alpha binding to ceiis is not due to an effect of the TNF Inhibitory Protein on the ceils, 
nor is it due to presence of TNF-alpha itself in the urine, but it rather reflects some kind of interaction between 
the protein of the invention and TNF-alpha, 

2. ASSAYS FOR THE TNF INHIBITORY PROTEIN OF THE INVENTION 55 

Two assay procedures were used for monitoring the activity of the TNF Inhibitory Protein in the different 
fractions during the purification process. 

2.1 Inhibition of binding of TNF-alpha to its receptor 60 

The assay procedure for the quantitation of TNF binding to cells was performed as described (Israel, S. et al. 
(1986) Immunol. Letters 12: 217-224; Holtaman, H. and Wailach, D. (1987) J. Immunol, 139: 1161-1167). 
Cells (HeLa or FS11 foreskin fibroblast cells) were seeded in DMEM (DuIbecco*s Modified Eagle's Minimal 
Essential Medium) at a density of 2.5 x 1 0 s cells/well in 1 5mm well plates. After a 24 hour incubation at 37° C in 65 
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buffered saline containing 1 mM benzamidfne and 0.1% sodium azide. 

3.2 Carboxy Methyl (CM) Sepharose Chromatography 

A 2.7 x 10 cm CM-Sepharose cation exchange column (Pharmacia) was prewashed with 1 M NaCI, 10 mM 5 
citric acid buffer, pH 5.0, containing 0.02% sodium azide (buffer C) and equilibrated with 10 mM citric acid 
buffer, pH 5.0, containing 0.020/0 sodium azide (buffer A). The urine concentrate of step 3.1 above was diaiysed 
against 2 changes of 100x sample volume buffer A and spun for 15 minutes at 8000 rpm. The supernatant was 
applied at 4° C on the CM-Sepharose column at a flow rate of 2 mi/minute and fractions of 50 mi were collected. 
The column was washed with buffer A until no protein could be detected (about 1 500 ml) and then eluted with 5 10 
x col. volumes of 200 mM NaCI, 10 mM citric acid buffer, pH 5.0, containing 0.02% sodium azide (buffer B) (5 
fractions) followed by elution with 3x col. volumes of buffer C (3 fractions). The fractions were collected and 
tested as indicated. The major portion of the biological activity of the TNF inhibitory protein was found in the 
second fraction of the elution with buffer B. 

15 

3.3 Cation-Exchange Mono S HR 5/5 FPLC Chromatography 

The Mono S HR 5/5 column (Pharmacia) was prewashed with a 10 mM citric acid buffer, pH 5.0, containing 
0.020/0 sodium azide (buffer A) until a stable baseline was demonstrated (monitored at 280 nm by a UV 
detector). The active fractions eluted from the CM-Sepharose column were pooled and dialyzed against 2 20 
changes of 100x sample volume buffer A. The sample was injected in 8 x 2 ml portions onto the column until 
the maximum binding capacity of the column was reached (28 mg)> The column was washed with buffer A until 
a flat baseline was seen. The bound proteins were eluted with a linear NaCI gradient (0-350 mM) in buffer A. 
The gradient was run for 40 minutes at a flow rate of 0.5 ml/minute. Then the column was washed for 10 
minutes with 350 mM NaCI in Buffer A (Buffer D.). The proteins which could not be eluted in a concentration of 25 
350 mM NaCI were then etuted from the column with Buffer C. Fractions of 0.5 ml were collected and assayed 
as indicated. The results are shown in Figure 3. The major portion of the activity was found to elute in fractions 
20-23, corresponding to 180-220 mM NaCI. 

3.4 Anion-exchange Mono Q HR 5/5 FPLC Chromatography 30 

The Mono Q HR 5/5 colum (Pharmacia) was prewashed with a 5 mM sodium borate buffer, ph 9.0, containing. 
0.02% sodium azide (buffer E) until a stable baseline was achieved. The active fractions eluted from the Mono 
S column were pooled and dialyzed against 2 changes of 100x sample volume buffer E. The sample was 
injected in 2 ml portions onto the column and the column was run with buffer E until the baseline was flat. The 35 
bound proteins were eluted by a 30 mM linear NaCI gradient of 0-60 mM in buffer E, followed by a 30 minute 
linear gradient from 60 to 300 mM NaCI in buffer E. The column was then washed for 10 minutes with 300 mM 
NaCi in Buffer E and for 4 minutes with a 1 M NaCI in Buffer Eat a flow rate of 0.5 m!/minute. Fractions of 0.5 mi 
were collected and tested for activity and for protein content. As shown in Figure 4, the majority of the activity 
eluted in fractions 15-18 at a NaCI concentration of approximately 40 mM. 40 

3.5 Reversed-phase high pressure liquid chromatography (HPLC) 

The reversed-phase HPLC column Aquapore RP 300 4.6 x 30 mm (Browniee Labs) was prewashed with 
0.3% aqueous trifluoroacetic acid (TFA) (Buffer F) until a stable baseline was obtained by the fluorescamlne 45 
detection system. The active fractions which were eluted from the Mono Q column were pooled and injected in 
one 1 .6 ml portion onto the column. The column was run with Buffer Fata flow rate of 0,5 ml/mlnute until the 
fluorometer did not detect any protein. The column was then eluted at a flow rate of 0.5 ml/minute, with a 
0-20% linear gradient of acetonitrile in Buffer F for 5 minutes, followed by a 20-50% linear gradient of 
acetonitrile for 60 minutes and finally a 50% to 800/o linear acetonitrile gradient for 5 minutes. The column was 50 
then washed for 15 minutes with 80% acetonitrile. Fractions of 0.5 ml were collected and tested for protein 
content and for activity. As shown in figure 4, the activity sharply eluted in fractions 21-23 (peaking in fraction 
22) together with an isolated protein peak. These fractions corresponded to 27% acetonitrile. 

3.6 SDS-PAGE 55 

In order to monitor the result of the purification, sodium dodecyl sulphate polyacrylamide gel 
electrophoresis (SDS-PAQE) was performed (Figure 6) according to the method of Laemmli U.K., et al. (1970) 
Nature 227:680. A sample of the active fractions eluting from the ion exchange column of steps 3.2, 3.3 and 3.4 
containing 5 ug of protein (Lane B: active fraction eluted from CM-Sepharose column;lane C: active fractions 60 
eluted from Mono S column; and lane D: active fractions eluted from Mono Q column) or a sample of 40 fxl of 
the fractions 21-23 (lanes E to G) derived from the reversed phase HPLC, were mixed with 3 x concentrated 
sample buffer containing 6% SDS (w/v) and 15% v/v betamercaptoethanol and loaded on a 15% acrylamide 
gel. As a reference for molecular weight, a mixture of molecular weight markers (alpha-lactalbumin 14.4 kDa, 
soya bean trypsin inhibitor 20.1 kDa, carbonic anhydrase 30 kDa, ovalbumin 43 kDa, bovine serum albumin 67 65 
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KDa, und phosphoryiase b. 94 kDa) was treated as above and loaded on lane A. A blank with sample buffer was 
run on lane K The gel was run at 160 volt and the protein bands were visualized by silver staining (Oakiey, B.R, 
et ai. Anal. Biochem. 105:361). As shown in figure 6, the purified TNF Inhibitory Protein moved as a single band 
with an apparent molecular weight of 26-28 kDa (Lanes E-G). 

5 

3.7 Automated protein micro-sequence analysis 

Samples of the substantially purified TNF Inhibitory Protein of the invention (1-5 ^g, 50-200 pmol each) were 
applied to pretreated, biobrene-coated glass-fiber discs. The dried discs were subjected to repetitive cycles of 

10 Edman degradation in an automated pulsed liquid-gas-phase protein microsequencer (Model 475) with an 
on-line HPLC PTH-amino acid analyzer (Model 120) and a data acquisition and processing unit Model 900, all 
from Applied Biosystems Inc. Foster City, CA, U.S.A.). The computer-derived sequence was compared with 
the raw data and was corrected when necessary. Altogether three separate analyses were performed in order 
to confirm the sequence data. The initial yield was over 40%, indicating that the major protein in the 

15 preparation (the 27 kDa band) is related to the resulting sequence. 

The N-terminal sequencing of the TNF inhibitory Protein gave the following amino acid sequence: 



20 



15 10 15 

Asp-Ser-Val-Cys-Pro-Gln-Gly-Lys-Tyr-Ile-His-Pro«Gln-X-Asn-Ser 



The amino acid at the 14th postion was not identified. As to the cysteine residue at the 4th position, its 
25 presence is theoretical since PTH (Phenyl thiohydantoin) cys cannot be identified as such and no other amino 
acid residue was detected in this position. 

A computerized search in the National Biomedical Research Foundation protein library (update No. 16) by the 
FASTP method did not reveal a significant homology to any known protein. 

m GENETIC ENGINEERING OF THE TNF INHIBITORY PROTEIN 

This invention further concerns DNA molecules comprising the nucleotide sequence coding for the TNF 
Inhibitory Protein of the invention, replicable expression vehicles containing said DNA molecules, hosts 
transformed therewith and the TNF Inhibitory Protein produced by expression of such transformed hosts. The 
35 term "DNA molecules" includes genomic DNA, cDNA, synthetic DNA and combinations thereof. 

The cloning of the TNF Inhibitory Protein may be carried out by different techniques. According to one 
approach, specific antibodies (polyclonal or monoclonal) to the TNF Inhibitory Protein are produced and used 
to clone the TNF Inhibitory Protein cDNA. This approach is comprised of the following three steps: 

40 a) Preparation of antibodies: 

The antibodies to the TNF Inhibitory Protein can be produced either by using the substantially purified TNF 
Inhibitory Portetn of the present invention or by using one or more synthetic peptides identical to the known 
sequence of the protein, e.g* the N-terminal protein sequence, or by fusing one of the possible nucleotide 

45 sequences deduced from the amino acid sequence of the TNF Inhibitory Protein to the gene coding for Protein 
A and expressing the fused Protein A - TNF Inhibitory Protein in E. coli . For obtaining polyclonal antibodies, the 
substantially purified TNF Inhibitory Protein or the synthetic peptides linked to a carrier protein are injected 
into rabbits. For the production of monoclonal antibodies, the fused Protein A - TNF Inhibitory Protein 
synthetic gene is expressed in E. coli , the fused protein obtained is purified by affinity chromatography on IgG 

50 Sepharose column and injected into mice. Alternatively, the substantially purified TNF Inhibitory Protein of the 
present invention is injected into mice. 

b) Screening of TNF Inhibitory Protein producing ceils 

55 The antibodies to TNF Inhibitory Protein are used to search for cells producing the TNF Inhibitory Protein by 
immunofluorescence or by Western blot. 

c) Preparation of cDNA from producing celfs 

qq mRNA is extracted from TNF Inhibitory Protein producing cells and cDNA is prepa>ed by the use of reverse 
transcriptase. The cDNA is cloned in an expression vector such as X gT 11 and screened by the use of the 
antibodies. The k gt 1 1 expression vector can be used for insertion of DNA up to 7 kb in length at a unique 
EcoRI site 53 bases upstream from the beta-gafactosidase termination codon. Therefore, foreign sequences 
DNA may be inserted into this site and expressed under appropriate conditions as fusion proteins. The Xgt 11 

65 expression vector is particularly useful for the construction of cDNA libraries to be screened with antibody 
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probes (Huynh, T.V. at al. in:David Glover (ed.), DNA Cloning Techniques: a Practical Approach , 

IRL Press, Oxford (1984) pp.49-78) as outlined here. Following another approach, a synthetic 
oligonucleotide or a mixture of synthetic oligonucleotide, whose sequence is derived from the sequence of a 
fragment of the protein, e.g. the N-terminal amino acid sequence of the TNF Inhibitory Protein are produced 
and this oligonucleotides or the mixture of oligonucleotides are used as a probe for cloning the cDNA or the 5 
genomic DNA coding for the TNF Inhibitory Protein. 

The genomic DNA may or may not include naturally occurring introns. It may be obtained, for example, by 
extraction from suitable cells and purification by means weil known in the art. Suitable DNA preparations, such 
as human genomic DNA, are enzymatically cleaved by restriction enzymes, or randomly sheared, and the 
fragments inserted into appropriate recombinant vectors to form a gene library. Such vectors can then be 10 
screened with synthetic oligonucleotides probes in order to identify a sequence coding for the TNF Inhibitory 
Protein of the invention. 

Alternatively, mRNA is isolated from a cell which expresses the protein of the invention and used to produce 
cDNA by means well known in the art. This cDNA, after conversion to the double-standard form, may be cloned 
and the resulting clone screened with an appropriate probe for cDNA coding for the desired sequences. Once 15 
the desired clone has been isolated, the cDNA may be manipulated in substantially the same manner as the 
genomic DNA. However, with cDNA there will be no Introns or interventing sequences. 

In order to synthesize the oligonucleotides to be used as probes, it is possible either to perform sequence 
analysis of the intact TNF Inhibitory Protein or to obtain peptide fragments thereof and to characterize their 
amino acid sequence. In order to obtain peptide fragments, purified protein preparations are subjected to 20 
fragmentation, e.g. by digestion with proteases such as trypsin, chymotrypsin or papain by methods well 
known in the art (Oike, Y. et al. (1982) J. Biol. Chem. 257: 9751-9758). The peptide fragments produced by 
digestion are separated by reverse phase HPLC and sequenced by automatic amino acid sequencing 
techniques. 

As already described, the sequence corresponding to the first 16 amino acids at the N-terminal portion of 25 
the protein was determined by analysis of the substantially purified TNF Inhibitory Protein in an automatic 
sequencer and the following amino acid sequence was obtained: 



15 10 15 

Asp-Ser-Val-Cys-Pro-Gln-Gly-Lys-Tyr-Ile-His-Pro-Gln-X-Asn-Ser 

35 

Once one or more suitable peptide fragments have been sequenced or a partial sequence of the protein is 
determined, the DNA sequences capable of encoding them are examined. Due to the degeneration of the 
genetic code, more than one codon may be used to encode a particular amino acid and one or more different 
oligonucleotides can be produced, each of which would be capable of encoding the TNF inhibitory Protein 
peptide fragments (Watson, J.D., in: Molecular Biology of the Gene , 3rd ed., WA Benjamin, Inc. Menlo Park, 40 
CA (1977), pp. 356-357). However, only one member of the set contains the nucleotide sequence that is 
identical to the nucleotide sequence of the gene. Its presence within the set and its capability to hybridize to 
DNA even in the presence of the other members of the set, makes it possible to employ the unfractionated set 
of oligonucleotides in the same manner in which one would employ a single oligonucleotide to clone the gene 
that encodes the peptide. The use of such oligonucleotide or set of oligonucleotides containing the theoretical 45 
"most probable" sequence capable of encoding the TNF inhibitory Protein gene fragments (following the 
"codon usage rules" disclosed by Lathe, R., et al. (1985) J. Molec. Biol. 183: 1-12) permits to identify the 
sequence of a complementary oligonucleotide or set of oligonucleotides which is capable of hybridizing to the 
"most probable" sequence encoding the TNF Inhibitory Protein or at least a portion thereof, or a set of such 
sequences. This oligonucleotide containing such a complementary sequence may then be synthesized and 5 q 
employed as a probe to Identify and isolate the gene of the TNF Inhibitory Protein of the invention (Manlatls, T, 
et al. Molecular Cloning: A Laboratory Manual , Cold Spring Harbor Press, Cold Spring Harbor, NY (1982). 

Once a suitable oligonucleotide, or set of oligonucleotides, which is capable of encoding a fragment of the 
TNF Inhibitory Protein gene (or which is complementary to such an oligonucleotide, or set of oligonucleotides) 
is identified using the above-described procedure, it Is synthesized amd hybridized to a DNA or preferably, to a 55 
cDNA preparation derived from cells which are capable of expressing the desired gene, preferably after the 
source of cDNA has been enriched for the desired sequences, e.g. by extracting RNA from cells which 
produce high levels of the desired gene and then converting it to the corresponding cDNA by employing the 
enzyme reverse transcriptase. 

Procedures for hybridization of nucleic acids are common knowledge and are disclosed, for example, in $q 
Maniatis, T., Molecular Cloning: A Laboratory Manual , op.cit. and in Haymes, B.T., et al., Nucleic Acid 
Hybridization: A Practical Approach , IRL Press, Oxford, England (1985). By hybridization with the above 
nucleotide or set of oligonucleotides probes, it is possible to identify in a cDNA or genomic library, the DNA 
sequences capable of such hybridization and they are then analyzed to determine to what extent they contain 
encoding sequences for the TNF Inhibitory Protein of the invention. $5 
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1. A Tumor Necrosis Factor (TNF) Inhibitory Protein, salts, functional derivatives and active fractions 
thereof and mixtures of any of the foregoing having the ability to inhibit: a) the binding of TNF to its 
receptors, and b) the cytotoxic eff ct of TNF. 

2. The TNF Inhibitory Protein of claim 1 having an apparent molecular weight of about 40-80 KDa when 
5 crude preparations thereof are chromatographed on Ultragel AcA filtration column. 

3. The TNF Inhibitory Protein of claim 1 in substantially purified form. 

4. The TNF Inhibitory Protein of claim 1 or 3 having a molecular weight of about 26-28 KDA when the 
substantially purified protein is analyzed by SDS PAGE under reducing conditions. 

5. The TNF Inhibitory Protein of claim 1 or 3 moving as a single peak on reversed phase high 
10 performance liquid chromatography (HPLC). 

6. The TNF Inhibitory Protein according to any of the preceding claims having the ability to inhibit the 
binding of TNF-alpha to its cell surface receptors on human HeLa and FS1 1 fibroblast cells. 

7. The TNF Inhibitory Protein according to any of the preceding claims having the ability to inhibit the 
cytotoxic effect of TNF-aipha on murine A9 ceils. 

15 8. The TNF Inhibitory Protein according to any of the preceding claims which contains at the N-terminus 

the following amino acid sequence: 



20 1 5 10 15 

Asp-ser-Val-Cys-pro-Gln-Gly-Lys-Tyr-ile-His-Pro-Gln-X-Asn-Ser , 

wherein X is an unidentified amino acid residue and the presence of Cys at the 4th position is theoretical. 
2$ 9. The TNF Inhibitory Protein according to any of claims 1 to 8 which is isolated from urine. 

10. The TNF Inhibitory Protein according to claim 9 wherein the urine is human urine. 

1 1 . A process for the production of substantially purified TNF Inhibitory Protein which comprises : 

(a) recovering the crude protein fraction from a dialyzed concentrate of human urine; 

(b) subjecting said crude protein fraction of step (a) to ion exchange chromatography to obtain 
30 partially purified active fractions of the TNF Inhibitory Protein defined by its ability to inhibit both the 

binding of TNF to its receptors and the cytotoxic effect of TNF; 

(c) applying said partially purified active fractions of the TNF Inhibitory Protein from step (b) to 
reversed phase high pressure liquid chromatography (HPLC) to obtain substantially purified active 
fractions of the TNF Inhibitory Protein defined by its ability to inhibit both the binding of TNF to its 

55 receptors and the cytotoxic effect of TNF ; and 

(d) recovering the substantially purified protein of step (c), said protein having a molecular weight 
of about 26-28 KDA on SDS PAGE under reducing conditions, moving as a single peak on reversed 
phase HPLC and having the ability to inhibit both the binding of TNF to its receptors and the cytotoxic 
effect of TNF. 

40 12. A process according to claim 1 1 wherein the ion exchange chromatography of step (b) is performed 

in 3 steps and includes chromatographic purification in Carboxymethyl Sepharose, Mono S HR 5/5 FPLC 
and Mono Q HR 5/5 FPLC columns, preferably in this sequence. 

13. A process according to claims 11 or 12 wherein the activity of the fractions in steps (b), (c) and (d) is 
defined by the ability of the TNF Inhibitory Protein to inhibit the binding of TNF-alpha to its cell surface 

45 receptors on human HeLa and FS1 1 fibroblast cells. 

14. A process according to claims 11 or 12 wherein the activity of the fractions in steps (b), |c) and (d) is 
defined by the ability of the TNF Inhibitory Protein to inhibit the cytotoxic effect of TNF-alpha on murine A9 
cells. 

15. The TNF Inhibitory Protein according to claim 1 or 3 produced by the process of any of claims 11 to 
50 14. 

16. The human TNF Inhibitory Protein of claim 3. 

17. The TNF Inhibitory Protein of any of claims 1 to 10 which is a recombinant protein. 

18. A DNA molecule comprising the nucleotide sequence coding for the TNF Inhibitory Protein of any of 
claims 1 to 10. 

55 19. The DNA molecule of claim 16 wherein the nucleotide sequence is selected from the group 

consisting of genomic DNA and cDNA. 

20. A replicable expression vehicle comprising the DNA molecule of claim 18 or 19 and capable, in a 
transformant host cell, of expressing the TNF Inhibitory Protein as defined in any one of claims 1 to 10, 16 
or 17. 

00 21 . A host cell transformed with the replicable expression vehicle of claim 20. 

22. A prokaryotic host cell according to claim 21. 

23. A eukaryotic host cell according to claim 21. 

24. A process for producing TNF Inhibitory Protein comprising the steps of : (a) culturing a transformant 
host cell according to any of claims 21 to 23 in a suitable culture medium, and (b) isolating said TNF 

65 Inhibitory Protein. 
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25. TNF Inhibitory Protein produced by the process of claim 24. 

26. A pharmaceutical composition comprising TNF inhibitory Protein, salts, functional derivatives and 
active fractions thereof and mixtures of any of the foregoing as active ingredient(s) together with a 
pharmaceutical^ acceptable carrier. 

27. TNF Inhibitory Protein, salts, functional derivatives and active fractions thereof and mixtures of any of 5 
the foregoing, for use in antagonizing the deleterious effect of TNF in mammals. 

28. TNF inhibitory Protein, salts, functional derivatives and active fractions thereof and mixtures of any of 
the foregoing, for use in the treatment of conditions wherein excess of TNF is formed endogenousiy or is 
exogenously administered, 

29. The use of a protein according to any of claims 1 to 10 for the manufacture of a pharmaceutical 10 
composition according to claim 26. 
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